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(71) We, Westtnghouse Electric 
CoRPORATTON, of Westinghouse Building, 
Gateway Center. Pittsburgh. Pennsylvania, 
United States of America, a company or- 
5 ganised and existing under the laws of the 
Commonwealth of Pennsylvania, United 
States of America, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
10 which it is to be performed, to be particu- 
larly described in and by the following 
statement: — 

; This invention relates to a bnishless syn- 
chronous motor. 

15 In a bnishless synchronous motor, direct 
current excitation of the field winding is 
provided by an alternating current exciter 
having a rotating armature wmding con- 
nected to a rectifier which rotates with the 

20 exciter to supply the required direct cur- 
rent excitation to the motor field winding. 
Such a motor is normally started as an in- 
duction motor and the field winding is not 
excited during the starting period when the 

25 motor is operating at sub-synchronous 
speed, a discharge resistor usually being 
connected across the field winding. When 
the motor has accelerated to a speed suf- 
ficiently close to synchronism, dkect cur- 

30 rent excitation is applied to the field wind- 
ing at the proper time, the discharge re- 
sistor being open-circuited, and the motor 
pulls into synchronism and runs normally. 
In a bnishless motor, the switching and 

35 control operations are necessarily per- 
formed on the rotor, and solid-state 
switches and . control components are used. 
In ; particular, an exciter switch must be 
connected between' the rectifier and the 

40 field winding to interrupt the excitation cir- 
cuit during starting so as to prevent flow 
of exciting current to the field winding and 
to* prevent the rectifiers from shunting the 
discharge resistor. A thyristor is preferably 

45 used for this purpose. This thyiistor must 



be in the non-conductive or blocking state 
during the starting period, as indicated 
above, and is fired to complete the circuit 
and apply field excitation at the proper 
time when the motor is capable of pulhng 50 
into synchronism. 

Solid-state switches such as thyristors 
are highly reliable devices but, as with any 
type of equipment, some possibihty of faO- 
ure exists. The most likely type of failure 55 
causes shortmg of the thyristor so that it 
conducts continuously in both directions. 
Such a failure could result from over- 
current or over-voltage beyond the rating 
of the thyristor, for example. If such a 60 
failure should occur during synchronous 
operation of the motor, no harm would re- 
sult since the thyristor is normally con- 
ductive and the motor would continue to 
run in its normal manner. If the motor is 65 
stopped, however, and then restarted with 
the thyristor shorted direct current ex- 
citation from the rectifier would be applied 
to the field winding througjiout the starting 
period. This direct current flowing in the 70 
motor field winding during sub-syn- 
chronous operation can produce a large, 
pulsating torque on the motor shaft, and 
the pulsation frequency of this torque 
varies with the slip of the motor which de^ 75 
creases as the motor accelerates. The pul- 
sation firequency will very probably pass 
Oirough torsional resonance frequencies 
during acceleration which would cause cx- 
ce^ive build-up of the pulsating torque 80 
sufficient in many cases to damage the 
motor or exciter shafts, or to damage gear 
teeth if the . motor is used with a gear 
dnve. While such failure and the resulting - 
possibility ot damage are relatively rare. 85 
the damage that can be caused by a 
shorted thyristor can be quite severe and 
protection against this possibility is 
highly desirable feature for a bnishless- - 
synchronous motor. g(y 
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Furthermore, with a shorted thyristor by a circuit brealcer 11. The breaker 11 is 
exciter switch, the induced alternating cur- controlled by a control device 12 which in- 
rent in the field winding at sub-syn- eludes a motor starting control including a 
chronous speeds is shunted by the rectifier power factor relay and sequence timer. The 
5 instead of flowing in the resistor, thus re- motor has a field winding 13, and is 70 
ducing the iixduction motor torque which is provided with a damper winding. Field ex- 
necessary to accelerate the motor. citation for the motor is provided by an ac 
The present invention includes a brush- exciter 14 which has a field winding 15 
less synchronous motor comprising a rotat- carried on its stator member and excited 
10 iiig field winding, an alternating current ex- by direct current The exciter 14 also has 75 
dter having an armature windSig rotatable an armature winding 16, shown as a three- 
with said motor field winding, a rectifier phase winding, which is carried on the 
connected to said exciter armature winding rotor and is rotatable with the rotor of the 
and rotatable therewith for supplying direct synchronous motor. The armature winding 
15 ciurent excitation to the motor field wind- 16 is connected to a rectifier means 17, 80 
ing, a thyristor exciter switch connected be- shown as a three-phase rectifier bridge, to 
tween said rectifier and the motor field provide a direct current ouq)Ut for exciting 
winding to control said direct current ex- the motor field winding 13. The exciter ar- 
dtation, the switch being normally non- mature winding 16, the rectifier 17 and the 
20 conductive during operation of the motor field winding 13 are all carried on the 85 
St^'^BS^ifnSfifcmSuS^^ 

sistor connected indirecQy across the motor together on a common rotating member in- 
field winddng, a thyristor connected in dicated at 18. 

series with said resistor, said exciter switch During starting of the motor, when it is 
25 being connected in the field winding circuit operating at STJ>-synchronous speed, the 90 
between the rectifier and the series con- field winding 13 shoidd not be excited and 
nected thyristor and discharge resistor, and should not be shunted by the rectifier 17. 
a protective circuit including stort-cir- An exciter switch must therefore be 
cuiting means connected across the output provided. For this purpose a thyristor 19 is 
30 of the rectifier between the exdter switch connected as shown between the rectifier 95 
and the rectifier, said short-circuiting output and the field winding 13 so as to 
means shunting the rectifier rn response to interrupt the excitation current when the 
conduction of tiie exdter switch during thyristor is in its non-conductive or block- 
sub-synchronous operation of the motor. ihg state. The thyristor 19 is fired to ac- 
35 Shunting the rectifier by the short-dr- tuate it to the conductive state to permit loo 
cuiting means will prevent the motor from excitation of the field winding at the 
synchronizing and a timing or sequence proper time and phase angle when the 
relay normally used as part of the starting motor has accelerated close to syn- 
control win trip the motor from a supply chronism. Since the switching and control 
40 line after a predetermined time. Con- operations must be carried out on the 105 
- veniently, a thyristor is connected across rotating member 18, it is preferred to use 
the rectifier which supplies the direct cur- solid-state switching and control circuitry 
rent exdtalion and is gated by the voltage and control means 20 is utilized, such as 
on the rectifier side of the thyristor ex- the exdtation controls disclosed in the 
45 dtation switch. If the thyristor exdter British Patent specification No. 1073062 no 
switch is operating normally, tiie voltage and U.S. Patent Specification No. 
On the recdfier side is insufi^cient to gate 3,144,788. The control circuit 20 as shown 
the shunting thyristor and it has no eSect in either of those patent specifications re- 
on the operation of the motor. If the spends to the frequency of the induced 
50 thyristor exdter switch becomes shorted, voltage in the field winding 13 and is 
however, the voltage induced in the field therefore preferably connected across the 
winding during starting appears on the field winding as shown, 
rectifier side of the shorted thyristor and A discharge resistor 21 is connected 
fires the shunting thyristor to shmt the across the fidd winding. The discharge re- 
55 output of the rectifier and thus prevent the sistor 21 is carried on the rotating member 12O 
motor from synchroni2dng. 'The normal 18 and controlled by a thyristor 22 and an 
control will then trip th^ motor from the oppositely poled diode 23. The gate dec- 
line as stated, above. . trode of &e thyristor 22 is connected 
The invention will now be described, by through a Zener diode or diodes 24 to re- 
60 way of example, with r^erence to the ac- spond to the voltage of the field winding 125 
• companying drawing depicting the in- 13. 
vention in a schematic diagram. The protective circuit consists of a solid- 
The drawing illustrates a brushless state switch, preferably a thyristor . 25, 
motor stator winding 10 shown as a three- which is connected across liie output, of 
65 phase winding, connected to a supply line the rectifier 17. The gate electrode of the 130 
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thyristor 25 is connected through Zencr 
<Uodes 26 to the rectifier side of the thy- 
ristor 19 so as to respond to ^e voltage at 
that point 

.5 The operation of the motor is as follows. 
In normal operation, , when it is desired to 
start the motor, the motor stator winding 
10 is energized, by closing the breaker 11 
and the motor will start by induction 
10 motor action, the thyristor 19 being in its 
non-conductive or blocking state so that 
the motor field winding 13 is not excited, 
and the exciter field winding 15 is of 
course also energized. A relatively high 
15 voltage of high slip frequency is induced in 
the field winding 13 during the starting 
period, with the motor running at sub-syn- 
dironous speed, and this voltage is suf- 
ficient to gate or fire the thyristor 22 to 

20 close, the circuit of the field discharge re- 
sistor 21 aCToss the field winding, the diode 
23 providing conduction on the alternate 
half-cycles of the field voltage. The motor 
accelerates until it approaches synchronous 

25 speed, the slip frequency correspondigly 
decreasing, and when the control means 20 
senses the proper point as indicated by the 
slip frequency and phase angle of the in- 
duced voltage across the winding 13, the 

30 thyristor 19 is fired and becomes con- 
ductive to apply direct current excitation 
to the field winding 13, so that the motor 
will pull into step and run as a syn- 
chronous motor. The induced voltage 

35 across the field winding 13 drops to es- 
sentially zero at this time, that is, as the 
motor reaches synchronism, so liiat the 
voltage across the winding 13 is only that 
of the rectifier 17 which is insufficient to 

40 fire the thyristor 22 so it remains non-con- 
ductive and open circuits the resistor 21. 
The motor is then in its normal operating 
condition and will continue to run as a 
synchronous motor. 

45 If the thyristor 19 wblch serves as an 
exciter switch should fail during normal 
operation due to an overvoltage or over- 
current, or for any other reason, so that it 
is shorted and is continuously conductive 

50 in each direction, no change in operation 
occurs and the motor will continue to run 
normally since direct current excitation is 
being supplied to field winc^ 13. When 
the motor is stopped, however, and then it 

55 is attempted to restart the motor, the 
shorted thyriistor 19 will permit the rectifier 
output current to flow to the motor field 
winding during the sub-synchronous start- 
ing period with the resultant pulsating tor- 

60 que and possibility of severe damage pre- 
viously discussed. 

The protective circuit comprising the 
thyristor 25 is provided fox protection 
against this possibility. Under normal start- 

65 ing conditions when the thyristor 19 is 



non-conductive, the only voltage ap- 
plied to the Zener diodes 26 is the rectifier 
output voltage which is insuffident to fire 
the thyristor 25 so that it remains non-con- 
ductive and has no effect. If the thyristor 7a 
19 is shorted, however, so as to be con- 
ductive in both directions during the start- 
ing period, then the induced voltage across 
the field winding 13 appears on the recti- 
fier side of the shorted thyristor 19 and is 75 
applied to Zener diodes 26. This induced 
voltage is substantially higher than that of 
the rectifier 17, an the Zener diodes 26 
may be selected to have the same firing 
voltage as the Zener diodes 24. so that the 80 
voltage across the field winding 13 will 
positively and reliably fire the thyristor 25 
in when the thyristor 19 is shorted. When 
this occurs the thyristor 25 is made con- 
ductive and directly shunts the output of 85 
the rectifier 17 so that it is prevented from 
flowing to the rotor field winding 13 and 
the large pulsating torques previously dis- 
cussed cannot occur. When this happens, 
the motor of course cannot pull into step 90 
and synchronize but will continue to run at 
a sub-synchronous speed until the sequence 
. timer of the usual power factor relay in 
the control means 12 trips the breaker 11 
as a result of the f ailiire of the motor to 95 
synchronize within the preset time. This 
tripping of the breaker indicates that a 
failure has occurred in the excitation cir- 
cuitry and the devices on the rotor can 
then be checked and the failed thyristor re- 100 
placed. 

WHAT WE CLAIM IS:— 
1. A brushless synchronous motor com- 
prising a rotating field winding, an alternat- 
ing current exciter having an armature 105 
winding rotatable with said motor field 
winding, a rectifier connected to said ex- 
citer armature winding and rotatable there- 
with for supplying direct current excitation 
to the motor field winding, a thyristor ex- 110 
citer switch connected between said rect- 
ifier and the motor field winding to control 
said direct cunent excitation, the switch 
being normally non-conductive during oper- 
ation of the motor at sub-synchronous 115 
speeds, a discharge resistor connected 
indirectly across the motor field wind- 
mg. a thyristor connected in series 
with said resistor, said exciter switch being 
connected in the field winding circuit be- 120 
tween the rectifier and the series connected 
thyristor and discharge resistor, and a 
protective circuit including short-circuiting 
means connected across the output of the 
rectifier between the exciter switch and the 125 
rectifier, said short-circuiting means shunt- 
ing the rectifier in response to conduction 
of the exdter switch during sub-syn- 
chronous operation of the motor. 
2. A synchronous motor as claimed in 130 



4 



1 426^594 



4 



rlflim 1. in which the sliort-cirQuiting mean& 
is made conductive in response to the vol- 
tage on the rectifier side of the exciter 
switch exceeding a predetermined value. 

-5-3. A sqndhrouous motor as claimed in 
daim 1 or 2. in which the short circuiting 
means comprises a solid-state, switch and 
means for actuating the last-mentioned 
switch to the conductive state upon the oc- 

10 currence pn.the rectifier side of the . exciter 



switch of a voltage substantially equal to 
the voltage induced in the field winding 
during sub-synchronous operation of the 
motor. 

4. A brushless synchronous motor in- 
cludmg a protective circuit, substantially as 
herembefore described with reference to 
and as shown in the accompanying draw- 
ing; 

RONALD VAN BERLYN. 
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